Abstract: This study investigated the bioaccumulation of microcystin on muscle of O. niloticus of fish farms of
INTRODUCTION
The occurrence of toxic cyanobacterial blooms in eutrophic lakes and reservoirs is a world-wide problem (PAERL et al., 2001 ). In semiarid region Lakes and reservoirs are subject to important periods of water shortages. In this region, reservoirs present low outflow and high water residence time associated with a negative hydric balance and high temperatures during most of the hydrological cycle. This intensifies the accumulation and concentration of nutrients, making these systems considerably more vulnerable to eutrophication and cyanobacterial blooms than reservoir in more humid areas (BARBOSA et al., 2012) Cyanobacteria, in aquatic ecosystems, may produce secondary metabolites such as the hepatotoxins, microcystins (MCYST) Fish, at the top of the aquatic food chain, are likely to be most affected by exposure to MCYST, and thus their consumption may pose a great risk to humans (MAGALHÃES et al., 2001 ). In farm fishes, with conditions of confinement, or during extended blooms of toxic cyanobacteria in reservoirs, the decrease of predation may not be sufficient to protect these species and other planktivorous fish an acute intoxication by toxins. Thus farm fishes is an important activity to obtain protein for the world population and may be compromised by cyanobacterial blooms (VASCONCELOS et al., 2013) . Among the many exotic fish species, Nile tilapia (Oreochromis niloticus (L.)) is between the main species cultivated and stocked in lakes and reservoirs in semiarid. The success of tilapia in that environment is especially so for their omnivorous feeding habits, flexibility in growth rate and maturation size and broad environmental tolerances and flexible habitat requirements (ATTAYDE et al., 2011) . Furthermore, tilapia is omnivorous and microphages organisms, which basically consumes plankton and detritus in suspension (LAZZARO, 1987).
It is seen that the accumulation of toxins in fish can occur at different intensities at different stages of development of organisms, it seems to be easier the accumulation in young life stage (DEBLOIS et al., 2011) . Toxins depuration in individuals can vary due to the metabolism of the fish and its life stage as the type strain produced by toxic bloom that is present in the organism (CHEN et al., 2006) .
Consuming microcystin-contaminated water or seafood poses a risk to human health. To protect consumers from the adverse effects of cyanobacterial toxins the World Health Organization (WHO) established the maximum allowable concentration (MAC) for MYCs in drinking water as 1µgL -1 and a tolerable daily intake (TDI) of 0.04 µg/kg of body weight (bw)/day, as a provisional guide line (WHO, 1998). It was assumed that 80% of the MCYST that were ingested on a daily basis came from contaminated drinking water and there meaning 20%was in taken from food or inhalation (DIETRICH AND HOEGER, 2005).
The major objectives of this study were: (1) measure levels of MYC on muscle of O. niloticus of fish farms of Brazilian semiarid reservoirs, (2) to investigate potential depuration of MYC on fish's muscle during ontogenetic fish development (3) to evaluate the potential risk of the contaminated fishes to human health.
MATERIALS AND METHODS

Study Area and Sampling Sites
The study was conducty in five reservoirs located in braziliam semi arid region ( Figure 1 ). These reservoirs were select for intense survey of cyanobacteria and presence of fish farm. The reservoirs are used to water supply population. In the last years, the fishs farming has grown into an intensive and highly form of aquiculture, specially O. nilloticus culture in this reservoirs. 
Limnological Variables
Only one sampling was conducted in January 2012 in the five reservoirs. Environmental samples and phytoplankton were collected by a Van Dorn Bottle 10-20 cm the water surface at three sites next the fish farming region at the reservoirs. Environmental variables evaluated were: water temperature, pH, dissolved oxygen (HORIBA U-50) and water transparency (Secchi disk). The water samples were collected in PVC bottles previously cleaned with deionized water and stored in recipients containing ice for transportation to the lab, where they were frozen and nutrients (inorganic dissolved nitrogen and total phosphorous) were examined according to the procedures described by APHA (1992).
Chlorophyll-a concentrations were determined spectrophotometrically based on the procedures described in APHA (1995). Sub samples (300mL) were preserved in lugol solution and observed under an inverted microscope using 5 25 -mL sedimentation chambers for cyanobacteria identification and quantification (UTERMOHL, 1958) . Cyanobacterial genera and species were identified by microscopic observation by distinguishing morphological characters cited in the literature (KOMAREK AND AGNOSTIDIS, 1986; Baker, 1991, 1992).
Fish Sampling
For each reservoir 30 individuals of Oreochromis niloticus were collect, in different maturation phases and time to exposition to algal blooms on reservoirs (early life stage -one month on reservoir; juvenile phase -three mounts on reservoirs; adult phase -most that six month on reservoir). The fishes were frozen and the muscles were extracted on laboratory. The stomachs were extracted, open and the content classified and conserved on alcohol.
MCYTS Determination
The determination of MCYST in the natural water samples was done using a commercially ELISA Microcystin Plate Kit (ENVIROLOGIX INC.®).
To determination of MCYST on fish's muscle, samples (20g) were minced and homogenized with in 20 ml of 0,1%(v:v) methanol TFA. The sample was then centrifuged at 11,000×g and the supernatant collected and stored in a becker. The pellet was reextracted twice and the supernatants were pooled together (final volume of 30 ml). The extracts were filtred vaccum onto fiberglass filters. The filtrates were totally evaporated and then ressuspended in Mili Q water. The filtered was passed through a C18 cartridge. This cartridge was washed and eluted with Mili Q water, with methanol 20%, with methanol 30% and then with methanol TFA 0,1%. This last fraction was evaporated and ressuspended to the appropriated concentration for determination. Muscle and viscera samples were analyzed by immunoassay using the ELISA Microcystin Plate Kit (ENVIROLOGIX INC.®).
Data Analyses
Differences spatial gradients to limnological variables, MCYST concentrations were tested by Student test. Pearson correlation analysis was run to detect correlations between densities of cyanobacteria on stomach and MCYST on muscle of fishes. All these analyses were run with the aid of the software Statistica 7.0.
RESULTS
The main limnological characteristics of the reservoirs were summarized in table 1. All reservoirs presented water temperature around 28°C without thermal stratification. The values obtained to dissolved -oxygen concentration indicated the existence of oxygenated water columns. The water pH is alkaline showing little variation through the reservoirs. Light penetration was low in Acauã water's, and high in Cordeiro reservoir (table 1) . Ammonium is the most abundant nitrogen nutrient form in all reservoirs. Acauã reservoir is the most eutrophic reservoir although, no significant differences were observed to phosphorus (p=0,54), nitrogen (p=0,41) or clorophyll (p=0,8) concentrations among the reservoirs (table 1). The phytoplankton community of the reservoirs is represented by a total of 27 taxa (species and genus), from the following groups: Cyanobacteria, Chlorophyta, Bacillariophyta and Euglenophyta (figure 2A 
Table1. Limnological Variables (mean ± SE) measured in five reservoirs located at Braziliam semiarid region
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Figure2. Species Number (A) and Relative abundance (B) of phytoplankton on five reservoirs at Braziliam semiarid
Cyanobacteria was the most abundant phytoplankton group in reservoirs (figure 2B), the highest densities occurred in Boqueirão do Cais reservoir (X= 627.353 Cel/mL) followed by Cacimba de Várzea reservoir (X= 520.889 Cel/mL), Acauã reservoir (X= 271.231 Cel/mL), Cordeiro reservoir (X=260.662 Cel/mL) and Araçagi reservoir (X= 201.707 cel/mL). C. raciborskii were dominant for all reservoirs except to Cordeiro reservoir where M. protocystis was dominant.
MCYST were detected in the waters of the all reservoirs. The highest concentrations was observed in Boqueirão do Cais water's (3,2 μg/L ± 0,8 ), following the Cordeiro water's (2,7 μg/L ± 0,4 ), Acauã water's (1,3 μg/L ± 0,6), Cacimba de Várzea water's (1,1 μg/L ± 0,2 ) and Araçagi water's (0,9 μg/L ± 0,4 ).
MCYST were detected in 60% of the fish muscle samples. Significant differences were observed in MCYST concentrations for fish phases (p<0,05). In early life stage, the concentration varied from 0,01 ng/g at Araçagi reservoir to 0,05 ng/g at Cacimba de Várzea reservoir ( fig 3A) . In juvenil phase it varied from 0,0 ng/g at Araçagi reservoir to 0,04 μg/g at Boqueirão do Cais ( Figure 3B ), and to adult phase the MCYST range from 0,00ng/g at Cordeiro reservoir to 0,03 ng/g at Araçagi reservoir ( fig 3C) . The highest value to MCYST in fish muscle, independent of fish phase, was found at Cacimba de Várzea reservoir. No differences were observed for concentration of MCYST between reservoirs. MCYST had accumulated in muscle of all fish sampled. Tilapia can diminish their grazing rate when feeding on toxic cyanobacterial cells (KESHAVANATH et al., 1994) . But, in the present study, faced with chronic exposure, tilapia can not prevent the ingestion of toxins, which resulted in the accumulation of microcystin in fish tissues.
Microcystin Accumulation and Potential Depuration on Muscle of Fishes of Fish Farm: Implications to
Our results demonstrated that most MCYST concentration on early life stage of fish. This is possible because smaller fish seem to accumulate more toxin, due to its size thin epithelial layer in combination with a relatively large body surface (Malbrouck and KESTMONT 2006; DEBLOIS et al. 2011) . Concurrently, the purification of cyanotoxins in organisms from the earliest stages of life also seems to be faster, due to changes in their metabolism because as noted, juvenile fish had a lower concentration, and adult levels were even lower. Even though the liver organ where the highest concentrations of cyanotoxins, it is important to consider and remain alert to the possibility of accumulation also in the muscles which is the part consumed by the population. The World Health Organization (WHO) recommends the tolerable daily intake limit (TDI) of 0.04 microg.kg It is important remember that cyanobacteria species most abundant were C. raciborskii and Planktothrix which also producing saxitoxin, perhaps for this reason our results were lower and did not exceed this limit. However the continuous monitoring is valid as it was proved the existence of microcystin in fish muscles even in small quantities. Cazenave et al. (2005) speaks of the risk of contamination in children or people with less weight than the above, thus alerting to possible contamination even if it is lower the existing concentration.
The monitoring of the reservoirs about the seasonality, as happens more intense cyanobacteria also is relevant because in that period can happen concurrently production or increase in the concentrations of toxins. Thus, should be avoided consumption of fish when it confirmed the presence of microcystin already in the water. Both the control of eutrophication and the proper management of fish farming activity can serve as preventive measures in controlling algal blooms and their consequent risks to public health.
